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In Kyoto city, many cultural assets are located near the steep slopes, so preserving these cultural assets from slope 
disaster due to rainfall is very important. However, mechanism of slope failure is not clearly understood since we need 
to know the shear strength properties of soil in a slope behind a cultural asset. Therefore, a soil specimen is conducted 
to model the local soil conditions in the slope, and then a direct shear test is performed. In this paper, the results of 
direct shear test are presented, and the stability diagnostics of the slope using an inverse analysis by the shear test’s 
results are discussed. Moreover, the measures against a field measurement are performed through this paper.

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࿑ 6 㑆㓗Ყߩᄌൻ㧔ૐ᜔᧤࿶ဳ㧕
－73－
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ലᔕജߦࠃࠆ c’ޔǾ’ࠍ᳿߼ࠆߣ߈ᱜⷙ
࿶ኒ߆ㆊ࿶ኒ߆ߩ඙೎ࠍᔅⷐߣߔࠆޕ
ߟ߹ࠅޔ෩ኒߦᒝᐲቯᢙࠍ᳿ቯߔࠆߚ
߼ߦߪޔ࿯ߩ⁁ᘒߩᄌൻޔ․ߦ฽᳓Ყ
߿㑆㓗Ყߩ᧦ઙࠍ᳿߼ࠆᔅⷐ߇޽ࠆޕ
ߘߎߢޔ⎕უᤨߩ㑆㓗Ყߣ᦭ലᔕജ߆
ࠄᒝᐲቯᢙ߇᳿߼ࠆߎߣ߇ߢ߈ࠇ߫ว
ℂ⊛ߣ޿߃ࠆޕHvorslev ߪ࿯ߩߖࠎᢿ
ᛶ᛫ߪߖࠎᢿ㕙ߩ㑆㓗Ყߣߘߩ㕙ߦ௛
ߊ᦭ലᔕജߩ㑐ᢙߣߥࠆߣ޿߁⠨߃ᣇ
ߦၮߠ߈ޔหߓ㑆㓗Ყߢߩ Coulombⷙ
Ḱߦ߅ߌࠆᒝᐲቯᢙࠍ᦭ല☼⌕ജ ceߣ
᦭ല៺ᡂⷺǾeߣቯ⟵ߒߚ 2)ޕ
 CoulombⷙḰߦ߅ߌࠆᒝᐲቯᢙ c’㧘
Ǿ’ߣ Hvorslev ߩ᦭ല☼⌕ജ ceߣ᦭ല
៺ᡂⷺ Ǿeߩ㑐ଥࠍ␜ߒߚߩ߇࿑ 8 ߢ
޽ࠆޕߎߩ Ǿeߪߘߩ࿯ߩฃߌߚᔕജጁᱧߦነࠄߥ޿ߘߩ࿯ߩ࿕᦭ߩቯᢙߣ⸒߃ࠆޕߟ߹ࠅޔኻ⽎ᢳ㕙ࠍ᭴
ᚑߔࠆ࿯ߩ࿕᦭ߩᒝᐲ․ᕈߣ⸒߃ࠆ Ǿeࠍቶౝߖࠎᢿ⹜㛎ߦࠃࠅ᳞߼ޔ⃻࿾ߩ࿶ኒᔕജࠍ෻ᤋߒߚ᦭ല☼⌕
ജ ceࠍේ૏⟎⹜㛎ߦࠃࠅ⹏ଔߢ߈ࠇ߫ޔࠃࠅ◲ᤃߢㆡಾߥߖࠎᢿᒝᐲቯᢙࠍᓧࠆߎߣ߇ߢ߈ࠆߣ⠨߃ࠄࠇࠆޕ
 ߎߩǾeޔceࠍㆡಾߦ᳿߼ࠆߎߣ߇น⢻ߢ޽ࠆ߆⺞ߴࠆߚ߼ޔ቟ቯ⊛ߦ౉ᚻ߇ߢ߈ࠆାᭉ↥ࡑࠨ࿯ߢታ㛎ࠍ
ⴕߞߚޕ


 ଏ⹜૕ߩ૞ᚑߣⴕߞߚ৻㕙ߖࠎᢿ⹜㛎
 HvorslevⷙḰߦࠃࠆᒝᐲቯᢙߩ⹏ଔࠍⴕ߁ߚ߼ޔએ
ਅߩ caseߦߟ޿ߡታ㛎ࠍⴕߞߚޕ
 ৻㕙ߖࠎᢿ⹜㛎ߪㅢᏱ᜔᧤࿶⁁ᘒߢޔᰴߩฦ⋧ኻኒ
ᐲߩ߽ߣߢޔ⸘ 27caseߦߟ޿ߡ࿶ኒቯ࿶ߖࠎᢿ⹜㛎ࠍ
ⴕߞߚޕ
Case1㧦⋧ኻኒᐲ 0%ޔ ฽᳓Ყ 5ޔ10ޔ15%ޔ
ု⋥ᔕജ 100㧘150㧘200kPa 
Case2㧦⋧ኻኒᐲ 50%ޔ ฽᳓Ყ 6ޔ10ޔ15%ޔ
ု⋥ᔕജ 100㧘150㧘200kPa 
Case3㧦⋧ኻኒᐲ 100%ޔ฽᳓Ყ 7ޔ10ޔ15%ޔ
ု⋥ᔕജ 100㧘150㧘200kPa 
 ࿑ 9ߦ↪޿ߚ⹜ᢱߩ✦࿕߼⹜㛎㧔JIS A 1210㧕⚿ᨐ߅
ࠃ߮ฦ⹜㛎ࠤ࡯ࠬߩೋᦼ⁁ᘒࠍ␜ߔޕߚߛߒޔ৻㕙ߖ
ࠎᢿ⹜㛎ߩଏ⹜૕ߪ JIS A 1210ߩ⹜㛎ߣߪ✦࿕߼ࠛࡀ
࡞ࠡ࡯ߩਈ߃ᣇ߇⇣ߥࠆޕ

 ⹜㛎⚿ᨐߣ⠨ኤ
case1㨪3ߩታ㛎એᄖߦޔ⋧ኻኒᐲ Dr㧩62.8%ߩ᧦ઙ
ߢⴕߞߚ⚿ᨐ߽ട߃ߡ⠨ኤࠍⴕ߁ޕ࿑ 10(a)ޔ(b)ߦߪ
ฦ⹜㛎ߩ㑆㓗Ყߣߖࠎᢿᔕജࠍု⋥ᔕജ೎ߦࡊࡠ࠶࠻
ߒߚ⚿ᨐࠍ␜ߔޕ࿑ 10(a)ߪ࿶ኒᓟߩ㑆㓗Ყޔ࿑ 10(b)
ߪᦨᄢߖࠎᢿᔕജࠍ␜ߒߚߣ߈ߩ㑆㓗Ყࠍߘࠇߙࠇᮮ
ゲߦߣߞߚ߽ߩߢ޽ࠆޕ࿑ 10(b)ߩᦨᄢߖࠎᢿᔕജᤨߩ
㑆㓗Ყߪߖࠎᢿਛߦ᷹ቯߐࠇߡ޿ࠆߖࠎᢿᔕജ߇ᦨᄢ
ߣߥࠆᤨߩု⋥ᄌ૏߆ࠄ૕Ⓧࠍ᳞߼㑆㓗Ყࠍ⸘▚ߒ
㪈㪅㪉
㪈㪅㪋
㪈㪅㪍
㪈㪅㪏
㪉
㪇 㪌 㪈㪇 㪈㪌 㪉㪇 㪉㪌
✦࿕䉄ᦛ✢
䉷䊨ⓨ᳇㑆㓗ᦛ✢
㘻๺ᐲ৻ቯᦛ✢㩿㪪㫉㪔㪐㪇㩼㪀
㘻๺ᐲ৻ቯᦛ✢㩿㪪㫉㪔㪏㪇㩼㪀
㘻๺ᐲ৻ቯᦛ✢㩿㪪㫉㪔㪎㪇㩼㪀
㘻๺ᐲ৻ቯᦛ✢㩿㪪㫉㪔㪍㪇㩼㪀
㘻๺ᐲ৻ቯᦛ✢㩿㪪㫉㪔㪌㪇㩼㪀
㘻๺ᐲ৻ቯᦛ✢㩿㪪㫉㪔㪋㪇㩼㪀
㘻๺ᐲ৻ቯᦛ✢㩿㪪㫉㪔㪊㪇㩼㪀
㘻๺ᐲ৻ቯᦛ✢㩿㪪㫉㪔㪉㪇㩼㪀
㘻๺ᐲ৻ቯᦛ✢㩿㪪㫉㪔㪈㪇㩼㪀
ੇ῎ኒᐲ㪛㫉㪇
ੇ῎ኒᐲ㪛㫉㪌㪇
ੇ῎ኒᐲ㪛㫉㪈㪇㪇
ੇ῎ኒᐲ㪛㫉㪍㪉㪅㪏
ੇ
῎
ኒ
ᐲ
䇭㱝
㪻㩿㪾
㪆㪺
㫄㪊
㪀
฽᳓Ყ䇭㫎㩿㩼㪀
࿑ 9 ↪޿ߚ⹜ᢱߩ✦࿕߼ᦛ✢ߣฦ caseߩೋᦼ⁁ᘒ
㪇
㪉㪇
㪋㪇
㪍㪇
㪏㪇
㪈㪇㪇
㪈㪉㪇
㪈㪋㪇
㪈㪍㪇
㪈㪏㪇
㪇㪅㪊 㪇㪅㪋 㪇㪅㪌 㪇㪅㪍 㪇㪅㪎 㪇㪅㪏 㪇㪅㪐 㪈
㱟㪔㪈㪇㪇㫂㪧㪸
㱟㪔㪈㪌㪇㫂㪧㪸
㱟㪔㪉㪇㪇㫂㪧㪸
䈞
䉖
ᢿ
ᔕ
ജ
䇭㱠
䋨䌫
㪧㪸
䋩
㑆㓗Ყ䇭㪼
㪇
㪉㪇
㪋㪇
㪍㪇
㪏㪇
㪈㪇㪇
㪈㪉㪇
㪈㪋㪇
㪈㪍㪇
㪈㪏㪇
㪇㪅㪊 㪇㪅㪋 㪇㪅㪌 㪇㪅㪍 㪇㪅㪎 㪇㪅㪏 㪇㪅㪐 㪈
㱟㪔㪈㪇㪇㫂㪧㪸
㱟㪔㪈㪌㪇㫂㪧㪸
㱟㪔㪉㪇㪇㫂㪧㪸
䈞
䉖
ᢿ
ᔕ
ജ
䇭㱠
䋨䌫
㪧㪸
䋩
㑆㓗Ყ䇭㪼
࿑ 10 㑆㓗Ყߣߖࠎᢿᔕജߩ㑐ଥ
(a) ࿶ኒᓟ㧔ߖࠎᢿ೨㧕ߩ㑆㓗Ყ
(b) ᦨᄢߖࠎᢿᔕജᤨߩ㑆㓗Ყ
－74－
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ߚޕ࿑ࠃࠅޔ޿ߕࠇߩ⚿ᨐ߽㑆㓗ᲧߩჇടߦ઻޿ߖࠎᢿᔕജ߇ૐਅߒߡ
޿ࠆߎߣ߇ࠊ߆ࠆޕ߹ߚޔหߓ㑆㓗Ყޔု⋥ᔕജߦ߅ߌࠆߖࠎᢿᔕജߩ
ࡊࡠ࠶࠻߇߫ࠄߟ޿ߡ޿ࠆߩߪޔ⇣ߥࠆ฽᳓Ყߩ࠺࡯࠲ࠍࡊࡠ࠶࠻ߒߡ
޿ࠆߚ߼ߣ⠨߃ࠄࠇࠆޕߎߎߢޔ⴫ 4ߦฦု⋥ᔕജ㧔ฦ᜔᧤࿶ജ㧕ߩߖ
ࠎᢿᔕജߣ㑆㓗Ყߩ㑐ଥߦߟ޿ߡޔᦨዊੑਸ਼ᴺߦࠃߞߡ᳞߼ߚㄭૃᑼࠍ
␜ߔޕ
 HvorslevⷙḰߦࠃࠆᒝᐲቯᢙߩ⹏ଔࠍⴕ߁ߚ߼ߦߪޔ࿑ 10(a)ޔ(b)ߩ޿
ߕࠇ߆ߩ⚿ᨐࠍ↪޿ࠆᔅⷐ߇޽ࠆޕ
Hvorslev ߩ⠨߃߆ࠄߪᦨᄢߖࠎᢿᔕ
ജ⊒ើᤨߩ㑆㓗Ყߦ߅ߌࠆ⚿ᨐ߇ᦸ
߹ߒ޿߇ޔ৻⥸⊛ߦߪ⎕უᤨὐߢߩ
㑆㓗Ყߩ੍᷹ߪ࿎㔍ߢ޽ࠆߎߣ߆
ࠄޔᧄ⺰ᢥߢߪޔታോߢߩ೑↪ߩߒ
߿ߔߐࠍ⠨ᘦߒޔ࿑ 10(a)ߩ࿶ኒᓟߩ
㑆㓗Ყ㧔ߖࠎᢿ೨ߩ㑆㓗Ყ㧕ߢߩ⹏
ଔࠍⴕ߁ߎߣߣߒߚޕ
 ⴫ 4ߦ␜ߔ࿑ 10(a)߆ࠄᓧࠄࠇߚㄭૃᑼߦᓥߞߡޔ㑆㓗Ყ
0.45㨪0.85ߩ㗔ၞߢᒝᐲ․ᕈࠍ▚಴ߒߚ⚿ᨐࠍ⴫ 5߅ࠃ߮
࿑ 11 ߦ␜ߔޕߘߒߡޔ᳞߼ࠄࠇߚ᦭ല☼⌕ജ ceޔ᦭ലౝ
ㇱ៺ᡂⷺǾeߣ㑆㓗Ყ eߩ㑐ଥࠍ࿑ 12ޔ13ߦ␜ߔޕ㑆㓗Ყ
ߩ▸࿐ߪ⹜㛎࠺࡯࠲ࠃࠅ᳿ቯߒߚޕ
 ࿑ 12ޔ13 ࠃࠅ㑆㓗ᲧߩჇടߦ઻޿᦭ല☼⌕ജޔ᦭ലౝ
ㇱ៺ᡂⷺ߇ᷫዋߒߡ޿ࠆߎߣ߇ࠊ߆ࠆޕㆊ෰ߩ⎇ⓥߢ᦭ല
☼⌕ജ ce ߇㑆㓗Ყߩ㑐ᢙߢ⴫⃻ߢ߈ࠆߎߣ߇ႎ๔ߐࠇߡ
߅ࠅ 4)ޔ5)ޔ߹ߚޔ᦭ലౝㇱ៺ᡂⷺߪ㑆㓗Ყߦኻߒߡ৻ቯ୯
ߣߺߥߒߡ໧㗴ߥ޿ߎߣ 6)ޔ౎ᧁ 7)ߩ⎇ⓥߢߪ᦭ലౝㇱ៺
ᡂⷺߪోߡߩ⁁ᘒߢหߓߢ޽ࠆߣߩታ㛎⚿ᨐ߇ႎ๔ߐࠇ
ߡ޿ࠆޕ੹࿁ߩ⚿ᨐߦ߅޿ߡ߽ޔ᦭ല☼⌕ജߪ㑆㓗Ყ eߩ
㑐ᢙߢ⴫ࠊߖࠆߣ⠨߃ࠄࠇࠆޕ
߹ߚޔ᦭ലౝㇱ៺ᡂⷺߪޔ㑆㓗ᲧߩჇടߦኻߒߡࠊߕ߆
ߦᷫዋߒߡ޿ࠆޕߎࠇߪޔHvorslev⎕უⷙḰߦ߆߆ࠊࠆㆊ
෰ߩ⎇ⓥႎ๔߇޿
ߕࠇ߽㘻๺࿯ࠍኻ
⽎ߣߒߡ߅ࠅޔᧄ
⎇ⓥߢⴕߞߚਇ㘻
๺࿯ࠍኻ⽎ߣߒߚ
⹜㛎ߣ⇣ߥࠅޔ฽
᳓⁁ᘒ߇⇣ߥࠆࠤ
࡯ࠬߩ⚿ᨐ߽฽ࠎ
ߢ޿ࠆᓇ㗀߇޽ࠆ
߽ߩߣ⠨߃ࠄࠇ
ࠆޕߒ߆ߒޔౝㇱ
៺ᡂⷺࠍ↪޿ࠆ㓙
ߦߪޔtanǾߣߒߡ
↪޿ࠆߚ߼ޔ੹࿁
ߩ୯߽߶߷৻ቯ୯
ߣߒߡޔขࠅᛒߞߡ߽໧㗴ߪߥ޿߽ߩߣ⠨߃ࠄࠇࠆޕ
⴫ 4 ߖࠎᢿᔕജߣ㑆㓗Ყߩ㑐ଥ
㧔ᦨዊੑਸ਼ᴺߦࠃࠆㄭૃᑼ㧕
࿑ 10(a) ࿑ 10 (b)
ı 100 Ĳ  = 52.6×e -0.62 Ĳ  = 51.9×e -0.62
ı 150 Ĳ  = 69.6×e -0.57 Ĳ  = 68.2×e -0.56
ı 200 Ĳ  = 89.8×e -0.5 Ĳ  = 85.2×e -0.59
* Ĳ 䋺䈞䉖ᢿᔕജ䇮e 䋺㑆㓗Ყ
⴫ 5 ᒝᐲ․ᕈߩ▚಴
㑆㓗Ყ ᦭ല☼⌕ജ ᦭ലౝㇱ៺ᡂⷺ
e ı 100 ı 150 ı 100 c e (kPa) Ǿ e  (deg.)
0.45 86.2 109.4 133.9 38.3 25.5
0.5 80.8 103.0 127.0 34.3 24.8
0.6 72.2 92.9 115.9 28.0 23.6
0.7 65.6 85.2 107.3 23.4 22.7
0.8 60.4 78.9 100.4 19.9 21.8
0.85 58.2 76.3 97.4 18.4 21.4
ฦ᜔᧤࿶ਅߢߩߖࠎᢿᔕജĲޓ(kPa)
㪇
㪈㪇
㪉㪇
㪊㪇
㪋㪇
㪌㪇
㪇㪅㪊 㪇㪅㪋 㪇㪅㪌 㪇㪅㪍 㪇㪅㪎 㪇㪅㪏 㪇㪅㪐 㪈
᦭ല☼⌕ജ
᦭
ല
☼
⌕
ജ
䇭㪺
㪼㩿㫂
㪧㪸
㪀
㑆㓗Ყ䇭㪼
㪇
㪈㪇
㪉㪇
㪊㪇
㪋㪇
㪌㪇
㪇㪅㪊 㪇㪅㪋 㪇㪅㪌 㪇㪅㪍 㪇㪅㪎 㪇㪅㪏 㪇㪅㪐 㪈
᦭ലౝㇱ៺ᡂⷺ
᦭
ല
ౝ
ㇱ
៺
ᡂ
ⷺ
䇭㱢
㪼㩿㫦
㪀
㑆㓗Ყ䇭㪼
࿑ 12 ᦭ല☼⌕ജ ceߣ㑆㓗Ყ㑐ଥ ࿑ 13 ᦭ലౝㇱ៺ᡂⷺǾeߣ㑆㓗Ყ㑐ଥ
࿑ 11  Hvorslevߩ⎕უⷙḰ
㪇
㪌㪇
㪈㪇㪇
㪈㪌㪇
㪉㪇㪇
㪇 㪌㪇 㪈㪇㪇 㪈㪌㪇 㪉㪇㪇 㪉㪌㪇
㪼㪔㪇㪅㪋㪌
㪼㪔㪇㪅㪌
㪼㪔㪇㪅㪍
㪼㪔㪇㪅㪎
㪼㪔㪇㪅㪏
㪼㪔㪇㪅㪏㪌
⎕უⷙḰ✢㩿㪼㪔㪇㪅㪋㪌㪀
⎕უⷙḰ✢㩿㪼㪔㪇㪅㪌㪀
⎕უⷙḰ✢㩿㪼㪔㪇㪅㪍㪀
⎕უⷙḰ✢㩿㪼㪔㪇㪅㪎㪀
⎕უⷙḰ✢㩿㪼㪔㪇㪅㪏㪀
⎕უⷙḰ✢㩿㪼㪔㪇㪅㪏㪌㪀
䈞
䉖
ᢿ
ᔕ
ജ
䇭㱠
㩷㩿㫂
㪧㪸
㪀
ု⋥ᔕജ䇭㱟㩷㩿㫂㪧㪸㪀
－75－
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㧢㧚ᒝᐲቯᢙ⹏ଔߦߟ޿ߡߩ੹ᓟߩ⺖㗴ߣዷᦸ

 ᓥ᧪ޔ቟ቯ⸘▚ߦ↪޿ࠄࠇߡ޿ࠆᒝᐲቯᢙߪޔ⹜㛎᧦ઙ㧔ឃ᳓᧦ઙ㧕߿࿶ኒ⁁ᘒߦࠃࠆ⹜㛎⚿ᨐ߇⇣ߥࠅޔ
⃻႐ߩߤߩࠃ߁ߥ⁁ᘒࠍ⴫⃻ߒߡ޿ࠆ߆ޔㆡ↪ߦᒰߚߞߡᷙੂߔࠆ႐㕙߇ᄙߊߺࠄࠇߚޕ
 Hvorslev ⷙḰߦࠃࠆᒝᐲቯᢙߪޔ⎕უᤨߩ㑆㓗Ყߩ㑐ᢙߣ޿ࠊࠇޔ᦭ല៺ᡂⷺ Ǿeߪ৻ߟߩ࿯ߦߟ޿ߡታ
↪਄৻ቯߣ⷗ߥߒߡᏅߒߟ߆߃ߥߊޔߘߎߦ⥋ࠆᔕജ߿㑆㓗Ყߩ⁁ᘒߦߪή㑐ଥߢ޽ࠆޕ
 ੹࿁ߩታ㛎⊛⎇ⓥߢߪޔㅢᏱ᜔᧤࿶ߩ᧦ઙߢޔೋᦼ᧦ઙࠍᄌ߃ߡᢙᄙߊߩታ㛎ࠍⴕ޿ޔ࿑ 10ߦ␜ߒߚࠃ߁
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